Introduction
Bluetongue virus (BTV) is a member of the Reoviridae family, and the prototype virus of the genus orbivirus. The virus is a pathogen of certain ruminants (e.g. sheep, goat, cattle, etc.) , and is transmitted to vertebrates by Culicoides species. The BTV genome consists of 10 dsRNA segments, each of which encodes one major polypeptide product (Mertens et al., 1984) . The genome is enclosed by a double-capsid coat consisting of seven structural proteins (Verwoerd et al., 1972) . In addition, in BTV-infected cells, at least three non-structural proteins (NS1, NS2 and NS3) can be identified (Huismans, 1979) . However the significance of their presence in the virusinfected cells is not clear yet. Two virus-specific structures, tubules and virus inclusion bodies (VIBs), characterize the cytoplasm of cells infected with an orbivirus (Lecatsas, 1968; Cromack et al., 1971) . Both structures are presumed to be involved in viral morphogenesis. It has been documented conclusively that the tubules are composed of only one major non-structural protein, NS1 (Huismans & Els, 1979; Urakawa & Roy, 1988) . The VIBs, on the other hand, have been shown to be associated with the second major non-structural protein, NS2, as well as various viral proteins and complete and incomplete virus particles (Lecatsas, 1968; Cromack et al., 1971; Eaton & Hyatt, 1989; Gould et al., 1988) . It is therefore of interest to determine whether these VIB structures are composed of NS2 protein and/or other virus encoded proteins and how these structures are involved in the viral assembly process.
NS2 is also the only virus-encoded phosphoprotein, and it appears to bind ssRNA (Huismans et al., 1987) . Phosphoproteins have been reported for a large number of animal viruses (.see review article by Leader & Katan, 1988) ; many are non-structural proteins (e.g. herpes simplex virus type 1 proteins). However, in only a few cases has a functional role been attributed to the phosphorylated viral proteins. For vesicular stomatitis virus (VSV), the NS phosphoprotein has been studied extensively and has been shown to play a vital role in the transcription and replication processes of the viral genome. It appears to be involved in the RNA chain elongation processes. Dephosphorylation of the VSV NS is reported to inhibit RNA synthesis although the NS 0000-9564 O 1990 SGM protein does not seem to possess any obvious enzymic activity per se (Kingsford & Emerson, 1980; Chattopadhyay & Banerjee, 1987) .
Since the NS2 protein of BTV has a strong affinity for ssRNA, it is of interest to know whether NS2 plays any role in viral transcription and replication processes. To investigate the function of NS2, we have synthesized biologically active NS2 protein to a high level using a baculovirus expression vector (Matsuura et al., 1987) and have characterized the expressed NS2 in comparison to the authentic BTV-derived NS2 protein synthesized in mammalian cells. The details of the studies are discussed in this report. In addition, conclusive evidence has been presented demonstrating that only NS2 is responsible for the formation of morphological entities of VIB.
Methods
Viruses and cells. Autographa californica nuclear polyhedrosis virus (AcNPV) and recombinant baculoviruses were grown and assayed in confluent monolayers of Spodoptera frugiperda (Sf) cells in medium containing 109/oo (v/v) foetal bovine serum according to the procedures described by Brown & Faulkner (1977) . United States prototype BTV type 10 (BTV-10) was cloned by plaque formation and propagated using monolayers of BHK-21 cells, in Eagle's MEM containing 5~ (v/v) foetal bovine serum.
DNA manipulations and construction of a recombinant baculovirus transfer vector.
Manipulations of plasmid DNA were performed according to the procedures described by Maniatis et al. (1982) . All restriction enzymes, T4 DNA ligase and Bal 31 exonuclease were purchased from Amersham. Calf intestine alkaline phosphatase (CIP) came from Boehringer-Mannheim.
The construction of the recombinant baculovirus transfer vector containing the entire BTV-10 RNA segment 8($8) DNA (nucleotides 1 to 1120) is shown in Fig. 1 . The plasmid pBR322 containing a complete cDNA copy of BTV RNA $8 was digested with PstI, (Fuknsho et al., 1989) . The eDNA fragment of $8 RNA (1.2 kb) was recovered and then cloned into the dephosphorylated symmetrical polylinker vector of pUC-4K. The $8 insert was then isolated by digesting with the BamHI restriction enzyme, followed by Bal 31 exonuclease digestion to eliminate homopolymeric terminal tails (i.e. dC-dG and dA-dT of the eDNA clone) as described previously . The resultant DNA fragments were repaired with the Klenow large fragment of DNA polymerase I, recloned into the SalI site of the pUC-4K vector, and the terminal sequences of the putative clones were determined (Maxam & Gilbert, 1980) . The insert lacking the complete 5'-terminal tail was then ligated into the BamHI site of the pAcYM1 baculovirus transfer vector (Matsuura et al., 1987) as described previously (Urakawa & Roy, 1988) . The orientation and junction sequences were confirmed by dideoxynucleotide sequence analysis (Sanger et al., 1977) . A recombinant plasmid containing the insert in the correct transcriptional orientation was isolated and designated pAcYM1/BTV-10.8.
Transfection and selection of recombinant baculoviruses.
The pAcYMI/BTV-10.8 transfer vector was used to generate recombinant baculoviruses through transfection of Sf cells and homologous recombination with infectious AcNPV as described previously . One of the derived recombinants (Ac.BTV- (Southern, 1975) as described previously .
Characterization of recombinant protein by SDS-PAGE and protein blot analysis.
Sf cells were infected with either recombinant Ac. BTV-10.8 virus, or wild-type AcNPV at a multiplicity of 10 p.f.u./cell in 35 mm tissue culture dishes (1.5 x 106 cells/dish) and incubated at 28 °C for 24 h. For the comparative analyses, BHK-21 cells were also infected with BTV-10 virus at a multiplicity of 5 p.f.u./ceU for 20 h at 35 °C. The cells were harvested and protein samples were prepared as described previously . For controls, both Sf cells and BHK-21 cells were similarly prepared. An aliquot of each sample was then mixed with an equal volume of 2 x protein dissociation buffer (Laemmli, 1970) , boiled at 100°C for 10 min and analysed by electrophoresis in a 10% PAGE gel in the presence of SDS, as described by Laemmli (1970) . The protein bands were then either detected by staining with 0.25% Coomassie Blue or Western blot analysis as described elsewhere (French et al., 1989) .
Preparation of antibodies to the expressed NS2. Recombinant Ac. BTV-10.8-infected Sf cell lysate was resolved by 10 % SDS-PA G E and the SDS-protein complexes were visualized by precipitati/ag with 0.3 M-KC1 at 4 °C. The band containing the NS2 protein was excised, macerated with 0.85% NaCI, and the resulting slurry was injected intraperitoneaUy into mice at days 0, 7, 14 and 21. The ascitic fluids were removed at intervals from days 31 to 33. Each sample was tested for antigenicity in Western blot analysis.
Radioisotope labelling of the NS2protein. Sf cells in 35 mm dishes were infected either with recombinant or with wild-type virus for 24 h followed by incubation in methionine-free medium for 1 h. To each dish 25 ~tCi of [35S]methionine was added and incubation was continued for another 2 h. For the preparation of BTV-10-infected cells, BHK-21 cells (in 60 mm dishes) were infected with BTV-10 and, after 30 h of incubation at 35 °C, the cells were labelled similarly with 75 ktCi of [3SS]methionine for 2 h. For 32p-labelled proteins, the infected cells were incubated in the presence of 250 ~tCi of 32p~ per 30 mm dish of cells in phosphate-free medium. At the end of incubation, cells were harvested and washed three times with phosphate-buffered saline, and resuspended in 100 ~tl radioimmunoprecipitation assay (RIPA) buffer per 35 mm dish.
Dephospharylation of infected cell extracts. Sf cell extracts infected
either with the Ac. BTV-10.8 recombinant virus or with AcNPV were treated with CIP. The infected extracts (8 lal) were digested with 11 units of enzyme in CIP buffer (0.5 M-Tris-HCI pH 9.0, 10 mM-MgClz, 1 mi-ZnC12, 10 mM-spermidine).
Peptide mapping of NS2 proteins. The [35S]methionine-labelled and
32p-labelled infected cell proteins were resolved by SDS PAGE and the gels were dried and autoradiographed. The NS2 protein bands were excised and subjected to Cleveland peptidc mapping (Cleveland et al., 1977) using Staphylococcus aureus V8 protease (250 ng) (Sigma) as described previously (French et al., 1989) .
High voltage electraphoresis. 32p-labelled NS2 protein bands of recombinant virus-infected Sf cells and BTV-10-infected BHK-21 cells were isolated from SDS-PAGE gels, as described above. NS2 was eluted and lyophilized as described by Gentsch et al. (1978) . The phosphoamino acid contents of NS2 were analysed by two-dimensional electrophoresis using methods similar to those described by Cooper et al. (1983) . In short, each sample was resuspended in constant boiling 6 M-HCI and hydrolysed for I h at 110 °C followed by lyophilization. The dried samples were then resuspended in 6 ktl ofpH 1.9 buffer containing 1 mg/ml each of the marker phosphoamino acids (phosphoserine, phosphothreonine and phosphotyrosine). Each sample was then applied to TLC plates (20 cm x 20 cm 13255 cellulose Kodak). The marker amino acids were visualized by ninhydrin staining. Radioactivity (32p) was identified by autoradiography.
Poly(U)-Sepharose 4B affinity chromatography. A 4 ml poly(U)-
Sepharose 4B (Sigma) column was equilibrated in STE buffer (0.01 MNaC1, 0-01 M-Tri~HC1 pH 7-5, 0-001 M-EDTA) with 10 mM-2-mercaptoethanol (2-ME). Sf cells (5 x 107) were infected with Ac. BTV-10.8 for 24 h and after lysis in RIPA buffer were centrifuged over a 40% sucrose cushion for 3 h at 40000 r.p.m. Approximately 1 ml of supernatant was collected and applied to the pre-equilibrated poly(U)-Sepharose 4B column in STE buffer. The bound protein samples were eluted with a 0-15 to 1-15 M-NaC1 gradient as described by Huismans et al. (1987) and 0.5 ml fractions were collected. The total protein content of each fraction was then determined by absorbance at 595 nm using the Bio-Rad protein assay kit.
Preparation of 3zp-labelled RNA probes. The 3zp-labelled RNA transcripts of the cDNA copy of RNA segment 10 (S10) of BTV-10 were synthesized using the SP6 promoter of pSPT-18, as described by Roy et aL (1990) . For a non-BTV ssRNA probe, the pSPT-18 vector was linearized with Scal and transcripts of the vector DNA were synthesized using T7 polymerase (Pharmacia) and 10 p.Ci of [c~-32p]UTP (800 Ci/mmol) (Amersham) as described in the kit. Transcripts were separated from the DNA template in 1% agarose gels, electro-eluted, phenol~chloroform-extracted and ethanol-precipitated.
The gel retardation assay. Ac. BTV-10.8 and AcNPV-infected Sf cell lysates were prepared as described above and used for nucleic acidbinding assays. The standard binding reaction mixture contained 150 mM-NaCI, 10% glycerol, 1 mM-EDTA, 20 mM-HEPES pH 7-5, 1 mM DTT and 0.5 ~tl of RNAguard (Pharmacia), 2 lal of protein extract (approximately 3 ~g) and 3 gg ofAcNPV DNA as the competitor. The mixture was preincubated at 21 °C for 10 min, then incubated with 5 ixg of 3zp-labelled ssRNA probe (5 to 7 ~tg) for 10 min. The samples were electrophoresed on a 1% agarose gel containing 50 mM-Tris-glycine with 0-1% deoxycholate (Konarska & Sharp, 1987) . The 3zp-labelled protein-nucleic acid complexes were detected by autoradiography.
Immunogold labelling of NS2 antibody and electron micrographs of infected cells. Confluent BHK-21 or Sf cell monolayers were grown on grids as described previously (Roy et al., 1990) . The BHK-21 cells were infected with 5 p.f.u./cell of BTV-10, and incubated at 35 °C for 36 h. The grids containing the BHK-21 cell sections were incubated with mouse anti-NS2 serum for 2 to 3 h followed by incubation with 10 nm colloidal gold particles conjugated to goat-anti-mouse IgG (Biocell Laboratories) as described previously (Roy et al., 1990) . Similarly, grids containing Sf cells were infected with Ac.BTV-10.8 and processed as above, except the grids were incubated with rabbit anti-BTV-10 serum. As a control, normal mouse antiserum was used. The bound gold particles were identified using a Jeol electron microscope (Roy et al., 1990) .
Results

Construction of recombinant viruses
The recombinant baculovirus transfer vector pAc. BTV-10.8 containing the entire coding sequence of the $8 RNA segment of BTV-10 was constructed, as described in Methods (see Fig. 1 ). The sequence analysis (Fig. l) showed that during removal of the terminal homopolymeric tails, all the Y-terminal nucleotides including the AT of the initiation codon were also removed. However, AT was then replaced by subsequent ligation to the pUC-4K polylinker vector prior to the construction of the transfer vector. A similar number of nucleotides were deleted from the 3" end, leaving the TGA termination codon intact.
The $8 gene was transferred into the AcNPV genome by cotransfecting Sf cells with infectious AcNPV DNA and pAc.BTV-10.8 plasmid DNA. Polyhedrinnegative recombinant progeny viruses were selected and, after three plaque purifications, high titre stocks of the recombinant virus Ac. were prepared. The To confirm that the 41K protein was a BTV gene product, a sample of each preparation was electrophoresed, transferred to an immunoblot filter and subjected to Western blot analyses using anti-BTV-10 serum as described in Methods. The strong positive signal (Fig.  2b, lane 4) confirmed that the expressed 41K band was indeed a BTV gene product. Similar positive results were obtained when polyclonal antiserum raised to the recombinant NS2 was used with BTV-10-infected BHK-21 cells in the Western blot analysis.
i n a n t virus s y n t h e s i z e d a p r o t e i n w i t h an e s t i m a t e d size o f 4 1 K (Fig. 2, lane 4) w h i c h is similar in size to that p r e d i c t e d f r o m the a m i n o a c i d s e q u e n c e o f the B T V -1 0 $8 g e n e p r o d u c t ( F u k u s h o et al., 1989). T h e e x p r e s s e d p u t a t i v e N S 2 p r o t e i n was e s t i m a t e d to be
Phosphorylation of NS2 protein and pepffde mapping
To investigate whether post-translational" modification of NS2 protein in the insect cells is the same as in mammalian cells, 35S-labelled and 32p-labelled proteins were prepared from BTV-10-infected and recombinant virus-infected cells, as described in Methods. Protein samples o f both preparations as well as from wild-type , and centrifuged over a 40% sucrose cushion at 40000 r.p.m, for 3 h. Two-hundred ktl of the supernatant was loaded onto a 4 ml poly(U)-Sepharose 4B column in 0.01 STE buffer with 10 mM-2-ME, and a linear gradient of0.15 to 1.15 M-N aC1 (in 0.1 M-STE, 10 mM-Tris-H C1 pH 7.5) was applied. Fractions of 0.5 ml were collected using a t~ow rate of 0.1 ml/min. The total protein of each fraction was determined using the Bio-Rad Protein Assay kit (a, A595) and the presence of NS2 was detected by Western blot analysis (b). m, Mr marker proteins; c, original supernatant as control. To determine whether the recombinant virus NS2 protein shares the same phosphorylated peptides as the BTV NS2 protein (Devaney et al., 1988) , 3sS-labelled and 32p-labelled NS2 protein samples were similarly prepared from BTV-10-infected BHK-21 cells. The NS2 protein bands from each sample were isolated using S D S -P A G E as described in Methods. Each band, after rehydration, was subjected to limited proteolysis with S. aureus V8 protease (see Fig. 3b ). Each pair of NS2 proteins (35S.labelled expressed NS2 and BTV-10 NS2 or 32p-labelled expressed NS2 and BTV-10 NS2) have similar profiles of peptides, indicating that the expressed NS2 protein is phosphorylated at the same site(s) as the BTV-10 NS2 protein.
To examine further whether both proteins share the same phosphorylated amino acid residues, the samples were acid-hydrolysed and analysed by two-dimensional high voltage electrophoresis. As shown in Fig. 3 (c) , both NS2 proteins were phosphorylated at serine residues only as reported for NS2 of BTV-17 by Devaney et al. (1988) .
The expressed NS2 protein binds nucleic acid
Since Huismans et aI. (1987) have shown that the NS2 protein of BTV-10 can bind to poly(U) oligonucleotides, it was of interest to determine whether the NS2 protein expressed in insect cells possessed a similar ability. A cell lysate of recombinant virus-infected Sf cells, free from nuclei, was prepared as described in Methods. Approximately 1 ml of the infected cell cytoplasmic extract was then adsorbed onto a poly(U)-Sepharose 4B column in low salt (0.01 M-NaC1). The unabsorbed materials were then removed by extensive washing with STE buffer as described in Methods. The adsorbed proteins were then eluted with a linear salt gradient (0.5 M-to 1.15 M-NaC1). Each eluted fraction was then subjected to S D S -P A G E and Western blot analyses using anti-BTV-10 antisera.
cell extract treated with CIP for 60 min. Lanes 4 to 7, ssRNA of BTV-10 segment 10 with Ac. BTV-10.8-infected Sf cell extract. Lanes 5 to 7, treated with CIP for 5, 30 and 60 rain respectively. The position of the unbound transcript is indicated (arrowhead). (b) For dephosphorylation, 3zp-labelled protein extract obtained from Sf cells infected with the Ac.BTV-10.8 treated with C1P at 37 °C as described in Methods. Samples at 0, 5, 10, I5 and 20 rain of incubation were resolved by PAGE, followed by autoradiography. As shown in Fig. 4(a and b) , NS2 was eluted with 0.5 MNaC1, indicating that the protein had bound to poly(U). To investigate further this nucleic acid-binding ability of the NS2 protein, a modified gel retardation assay system was investigated. The cytoplasmic protein extracts prepared as above were preincubated for 10 min with A c N P V D N A , then incubated for 10 min at 21 °C with 32p-labeUed transcripts synthesized from a c D N A clone of a BTV-10 R N A segment using an SP6 transcription vector as described in Methods. The reaction mixtures were then analysed on a 1 ~ agarose gel. The free 32p_ labelled R N A transcripts and the p r o t e i n -R N A cornplexes were detected on the autoradiogram of the dried gel. As shown in Fig. 5(a) , the reaction mixture containing only the transcript showed a discrete band of 0-8 kb (lane 1). In the presence of the cytoplasmic extract from the recombinant virus-infected Sf cells the 0.8 kb band disappeared (lane 4), and radioactivity was detected as a much slower band indicating the formation of a large complex due to binding of the R N A species with protein. In contrast, in a similar binding reaction with wild-type AcNPV-infected cytoplasmic extract, no retardation was detected (lane 2).
To determine whether phosphorylation plays any role in binding the RNA transcripts, the expressed NS2 protein was dephosphorylated and subjected to the similar gel retardation assay. As shown in Fig. 5 (b) , lanes 5 to 7, dephosphorylation of the recombinant virus extract for 5, 30 and 60 min appeared to have no effect on RNA binding. In a parallel study, 3zP-labelled NS2 was similarly dephosphorylated and the protein was analysed by gel electrophoresis followed by autoradiography. It was confirmed that NS2 was effectively dephosphorylated by 20 min of incubation (Fig. 5b) .
Detection of BTV-IO infection using polyclonal anti-NS2 and localization of the NS2 protein
To detect the specific location of the NS2 antigen in BHK-21 cells and to confirm the data reported by , using anti-NS2 monoclonal antibody, BTV-10-infected cells were prepared as described in Methods. The infected cells were then incubated sequentially with diluted (1:100) monospecific polyclonal mouse anti-NS2 serum that had been raised with expressed NS2, and then with goat anti-mouse IgG conjugated to colloidal gold particles (10 nm in diameter), as described in Methods. As shown in Fig. 6 (a to c), the gold was localized to the matrix of the VIBs, indicating the presence of NS2 in these structures. Many virus particles were scattered throughout the inclusion bodies and in the cytoplasm. However, neither virions nor the viral tubular structure were associated with the gold particles. No gold particles were observed in control BHK-21 cells (data not shown).
Formation of VIBs in insect cells infected with recombinant that expresses the BTV-IO NS2 protein
It has been shown that the NS2 protein of BTV is a component of the VIBs identified in BTV-infected cells (Eaton & Hyatt, 1989) . To determine whether NS2 alone is sufficient for formation of these inclusion bodies, an examination was undertaken of electron micrographs of Sf cells infected with the Ac.BTV-10.8 recombinant virus or with wild-type AcNPV. In contrast to AcNPVinfected cells (data not shown), large granular elongated morphological structures similar to the VIBs of BTV were identified only in the cytoplasm of the recombinant virus-infected cells (Fig. 7a) . To confirm that the presence of inclusion bodies in insect cells are indeed NS2-directed, the recombinant virus-infected cells were incubated sequentially with anti-BTV-10 (1:100) rabbit serum and then with goat anti-rabbit IgG conjugated to colloidal gold particles (diameter of 10 nm) as described in Methods. Large numbers of particles were scattered throughout the matrix of these morphological structures in the cytoplasm of the Ac. BTV-10.8-infected cells (Fig.  7b, c) indicating that these inclusion bodies were indeed composed of the NS2 protein of BTV. In contrast, no gold label was associated with the AcNPV-infected cells (data not shown). To confirm further that the inclusion bodies contain only NS2 protein, recombinant virusinfected cell lysate was purified through a glycerol gradient (10 to 30 ~o) and inclusion bodies were visualized under the electron microscope in the fractions containing NS2 proteins (data not shown).
Discussion
In the present study we have expressed the BTV-10-derived NS2 protein in insect ceils. It is estimated that the expression of BTV-10 NS2 in insect cells resulted in at least 40~ (approx. 100 mg/109 cells) of the total protein of infected cells. In BTV-10-infected cells, the presence of large amounts of the non-structural protein NS2 may indicate that the NS2 protein plays a structural role within the infected cells during virus replication. The availability of large-scale production of baculovirusexpressed NS2 facilitates the structure/function analyses to be undertaken. The post-translational modification of the expressed NS2 appeared to be identical to the authentic BTV-10 NS2 proteins synthesized in mammalian cells. Both were phosphorylated in equivalent peptides and only the serine residues were phosphorylated. Since there are a total of 20 serine residues in each molecule (Fukusho et al., 1989) we are in the process of purifying the protein and localizing the phosphorylated serine residues of the molecule. Huismans et al. (1987) have shown previously that the NS2 protein of BTV-infected cells has an affinity for ssRNA. Since the presence of phosphorylated protein and the degree of phosphorylation seem to determine the extent of binding to viral nucleic acid (Clinton et al., 1978; Scheidtmann et al., 1984) , they have suggested that the phosphorylation status of the NS2 protein probably affects its ability to bind nucleic acids. In reovirus, the non-structural protein fiNS is the ssRNA-binding protein as is the NS2 of BTV. It has been suggested that the ssRNA-binding activity of these non-structural proteins of reovirus and BTV might play a role in morphogenesis by condensing the 10 ssRNAs into precursor subviral particles, prior to the dsRNA synthesis (Huismans & Joklik, 1976; Huismans et al., 1987; Gamatos et al., 1962) . A temperature-sensitive mutant of reovirus, defective in fiNS, is unable to synthesize dsRNA at the restrictive temperature indicating that fiNS plays an important early role in reovirus replication (Cross & Fields, 1972; Ito & Joklik, 1972; Ramig et al., 1978) . We have demonstrated by a gel retardation system that the baculovirus-expressed NS2 protein not only has a strong affinity for BTV transcripts but also binds nonspecifically to other ssRNA species indicating that the binding motif of the ssRNA is non-specific. It is also obvious from our data that the phosphorylation of the protein in BTV-10 is not involved in the ssRNA-binding activity. Whether or not the phosphorylated form of NS2 has some other function in viral replication/morphogenesis has not yet been investigated. Our recent sequence analyses have revealed that the NS2 protein is rich in charged, hydrophilic amino acids (asparate, glutamate and lysine residues) which might interact with nucleic acids (Fukusho et al., 1989) . Currently, investigations on protein-nucleic acid interaction sites are in progress.
Perhaps the most interesting data presented in this report are the direct evidence for the formation of inclusion bodies. Cells infected with reovirus and orbivirus develop characteristic perinuclear cytoplasmic inclusions referred to as 'viral factories' or 'inclusion bodies' (Gomatos et al., 1962; Lecatsas, 1968; Cromack et al., 1971) . As infection progresses, dense inclusion bodies increase in size, becoming discrete round, oval or elongated. VIBs have been shown to contain dsRNA, virus-specific polypeptide and both complete and incomplete viral particles (Silverstein & Schur, 1970 ; see review article by Schiff & Fields, 1990; Bowne & Jochim, 1967; Gould et al., 1988; see review article by Eaton et al., 1990) . Bowne & Jones (1966) observed similar inclusion bodies containing complete and incomplete BTV particles in salivary gland cells of infected C. variipennis, the arthropod vector. It is clear that the inclusion bodies play a crucial role both in reovirus and orbivirus morphogenesis. It is recognized that the inclusion bodies are the sites of the viral assembly process, although very little is known of how these morphological entities are synthesized or involved in virus morphogenesis. In this report we have demonstrated conclusively that NS2 is associated only with VIBs in the mammalian cells, and not with virions, which confirms the data of . We have also presented evidence that when NS2 protein is synthesized independently of any other BTV-encoded proteins the inclusion bodies are still formed and are structurally very similar to the VIBs of BTV. This is the first direct proof that the major non-structural protein NS2 is indeed responsible for formation of the large perinuclear dense inclusion bodies. It is likely that the high cysteine residues at the carboxy terminus of the NS2 protein might direct these highly ordered structures. To determine whether the cysteine residues are responsible for formation of these morphological entities, sitedirected mutagenesis of these residues is being performed to generate defective NS2, in the baculovirus expression system. We anticipate that with the knowledge obtained from these studies it will be possible to unravel the role of NS2 in the process of viral replication and morphogenesis.
